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(57) ABSTRACT

A projection display device according to the invention
includes a separating unit that assigns X separation informa-
tion for identifying a type of an image to each pixel by using
a characteristic amount of the input image, a luminance
detecting unit that detects a luminance of a screen, a first
determining unit that determines a first target region indicat-
ing a region on which halftone processing of converting the
number of gradations is performed on the input image by
using the X separation information, and a halftone processing
unit that executes the halftone processing that varies depend-
ing on the luminance on the first target region.

10 Claims, 8 Drawing Sheets
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1
PROJECTION DISPLAY DEVICE,
PROJECTION DISPLAY METHOD, AND
COMPUTER PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-
tion No. 2012-000127 filed in Japan on Jan. 4, 2012.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a projection display device,
a projection display method, and a computer program.

2. Description of the Related Art

Conventionally, known is a technique of performing pre-
view display of an image to be printed by a printing device by
a projection display device such as a projector. Japanese
Patent Application Laid-open No. 2006-304316 discloses a
technique of correcting image data for increasing output on
low-gradation portions (shadow portions) based on color
information and brightness information of a projection screen
of the projector in order to enhance the reproducibility of
colors.

The technique disclosed in Japanese Patent Application
Laid-open No. 2006-304316, however, fails to sufficiently
enhance the reproducibility of colors. For example, the tech-
nique disclosed in Japanese Patent Application Laid-open
No. 2006-304316 fails to enhance the reproducibility on
high-gradation portions (highlight portions).

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

There is needed to provide a projection display device, a
projection display method, and a computer program that can
sufficiently enhance the reproducibility of colors.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a configuration
example of an information projection system;

FIG. 2 is a diagram illustrating detailed contents of a data
processing unit;

FIG. 3 is a table for explaining a method of assigning X
separation information;

FIG. 4 is a view for explaining an example of extraction of
a region corresponding to each piece of X separation infor-
mation from an input image;

FIG. 5 is a table for explaining a method of switching y
correction in accordance with the X separation information;

FIG. 6 is a graph illustrating an example of a y correction
curve to be used for the y correction;

FIG. 7 is a table for explaining a method of switching
halftone processing in accordance with the X separation
information and S luminance information;
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2

FIG. 8 is a graph illustrating an example of a correspon-
dence relationship between an input gradation and an output
gradation when simple nine-value processing is applied;

FIG. 9 is a graph illustrating an example of a correspon-
dence relationship between an input gradation and an output
gradation when simple four-value processing is applied;

FIG. 10 is a schematic view illustrating a case when high
screen ruling binary dither processing is applied to a highlight
region;

FIG. 11 is a schematic view illustrating a case when low
screen ruling binary dither processing is applied to the high-
light region;

FIG. 12 is a table for explaining a method of switching vy
correction in accordance with the X separation information
and the S luminance information; and

FIG. 13 is a graph illustrating an example of a y correction
curve to be used for second y correction.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, embodiments of a projection display device, a
projection display method, and a computer program accord-
ing to the present invention are described in detail with ref-
erence to the accompanying drawings. A projector is
described as an example of the projection display device in
the following but the projection display device is not limited
thereto.

A: First Embodiment

FIG. 1 is a diagram illustrating a schematic configuration
example of an information projection system 1 according to
the embodiment. As illustrated in FIG. 1, the information
projection system 1 includes a projector 100 and a multifunc-
tion peripheral (MFP) 101 that is an external device. The MFP
101 outputs image data of a scanned document to the projec-
tor 100 as an input image. The MFP 101 includes a scanner
109, a scanner data processing unit 110, a storage device 111,
a plotter data processing unit 112, a plotter 113, and an oper-
ating unit 114.

The scanner 109 scans image data on a document. The
scanner data processing unit 110 performs scanner-correc-
tion-type image processing, such as black correction and
shading correction, on the image data scanned by the scanner
109. The operating unit 114 is an external I/F that receives
input of specification of bibliographic information indicating
operation conditions of the MFP 101. Examples of the bib-
liographic information include information specifying a
document mode, the resolution of an image, and the density of
an image.

The scanner data processing unit 110 performs image pro-
cessing in accordance with the bibliographic information
received by the operating unit 114 on image data scanned by
the scanner 109. The storage device 111 stores image data
(image data in an RGB format in this example) after having
been subjected to the image processing by the scanner data
processing unit 110 and the bibliographic information
received by the operating unit 114. The plotter data process-
ing unit 112 performs plotter-correction-type image process-
ing on the image data stored in the storage device 111. When
the plotter 113 receives the image data on which the image
processing has been performed by the plotter data processing
unit 112, the plotter 113 outputs (outputs on paper) the
received image data onto transfer paper by using an electro-
photography process by using laser beam.
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The projector 100 includes an image input unit 102, a data
processing unit 103, an image output unit 104, a luminance
detecting unit 105, a control unit 106, and an operating unit
107. The projector 100 and the MFP 101, which is an external
device, are connected to each other through network such as
a LAN or a USB.

The image input unit 102 loads the image data (image data
in the RGB format) and the bibliographic information stored
in the storage device 111 of the MFP 101. In the embodiment,
as an example, a gradation of one pixel on each image data in
the RGB format that has been loaded by the image input unit
102 is expressed by 8 bits. That is to say, each image data in
the RGB format that has been loaded by the image input unit
102 is image data of 8 bits. In the following description, the
image data of RGB each having 8 bits that has been loaded by
the image input unit 102 is referred to as an “input image”.

The data processing unit 103 performs image processing
for correcting the input image loaded by the image input unit
102 to image data to be projected onto an image projection
screen 108. Detailed contents of the image processing are
described in detail later.

The image output unit 104 projects (outputs) the image
data on which the image processing by the data processing
unit 103 has been performed onto the image projection screen
108. The image output unit 104 is constituted by including a
light source formed by a fixed-type light source such as a
mercury lamp and an LED, a transmission-type liquid crystal
panel, and a projection lens. Light from the light source is
divided into three primary colors (red, blue, green) on the
transmission-type liquid crystal panel and the divided light
components are enlarged by the projection lens so as to be
projected onto the image projection screen 108.

The luminance detecting unit 105 takes a luminance that is
brightness of reflected light from the image projection screen
108 as input and converts it to S luminance information. To be
more specific, the luminance detecting unit 105 loads the
reflected light from the image projection screen 108 as the
luminance and converts the luminance to a voltage by a pho-
todiode, for example. Then, the converted voltage is con-
verted to a digital value (for example, 8 bits) by an A/D
converter so as to obtain the S luminance information.

The operating unit 107 is a user interface that receives
various types of operation inputs. The control unit 106 con-
trols the projector 100 overall. The control unit 106 is consti-
tuted by including a CPU, a volatile memory such as a RAM
to be used for storing data temporarily and a non-volatile
memory such as a ROM and an NVRAM in which programs
and image processing parameters are stored. The CPU of the
control unit 106 loads the programs stored in the non-volatile
memory and the like and develops and executes the loaded
programs on the volatile memory so as to control each part of
the projector 100. The control unit 106 controls each part (the
image input unit 102, the data processing unit 103, the image
output unit 104, the luminance detecting unit 105, and the
like) of the projector 100 in accordance with contents (bib-
liographic information) specified by a user.

In the information projection system 1 according to the
embodiment, a user can check image data projected onto the
image projection screen 108 as a preview image of a print
image of the MFP 101 and determine whether printing by the
MFP 101 is executed.

Next, detailed contents of the data processing unit 103 of
the projector 100 are described with reference to FIG. 2. As
illustrated in FIG. 2, the data processing unit 103 includes a
separating unit 201, a gradation correction unit 202, a mag-
nification changing unit 203, and a gradation processing unit
204.
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The separating unit 201 calculates characteristic amounts
such as a density value and an edge amount ofthe input image
loaded by the image input unit 102. Then, the separating unit
201 assigns X separation information to be used for subse-
quent image processing to each pixel by using the calculated
characteristic amounts. The X separation information is iden-
tification information for identifying a type of the image. The
separating unit 201 corresponds to an “assigning unit” in the
scope of the present invention. In the embodiment, as illus-
trated in FIG. 3, the following five types are prepared as the
“X separation information” and each of them is expressed by
data of 4 bits. The five types include a “low-contrast charac-
ter” indicating a character image of which gradation value is
equal to or higher than a threshold, a “character” indicating a
character image of which gradation value is lower than the
threshold, “halftone”, “highlight” indicating an image of
which gradation value is equal to or higher than the threshold,
and “solid” indicating a filled image.

The separating unit 201 determines whether a pixel corre-
sponds to either of white background or non-white back-
ground, either of a character or a non-character, either of
halftone or non-halftone, and either of a bright portion or a
non-bright portion for each pixel of the input image. Note that
when the pixel corresponds to the white background, the most
significant bit in the data of 4 bits indicating the X separation
information corresponds to “1”, and when the pixel corre-
sponds to the non-white background, the most significant bit
is “0”. When the pixel corresponds to the character, the sec-
ond significant bit is “1”, and when the pixel corresponds to
the non-character, the second significant bit is “0”. When the
pixel corresponds to the halftone, the third significant bit is
“17, and when the pixel corresponds to the non-halftone, the
third significant bit is “0”. When the pixel corresponds to the
bright portion, the least significant bit is “1”, and when the
pixel corresponds to the non-bright portion, the least signifi-
cant bit is “0”. Then, the separating unit 201 determines
whether the pixel corresponds to any of the “low-contrast
character”, the “character”, the “halftone”, the “highlight”,
and the “solid” based on the determination result, and assigns
data of 4 bits indicating the corresponding X separation infor-
mation to the pixel.

In the example as illustrated in FIG. 3, for each pixel of the
input image, when the pixel is the character and the bright
portion, the separating unit 201 determines that the pixel
corresponds to the “low-contrast character” and assigns data
(“x1x1”, note that x may be any of “0” and “1”) of 4 bits
indicating the “low-contrast character” to the pixel. Alterna-
tively, when the pixel is the character and the non-bright
portion, the separating unit 201 determines that the pixel
corresponds to the “character” and assigns data (“x1x0”) of 4
bits indicating the “character” to the pixel. Furthermore,
when the pixel is the non-character and the halftone, the
separating unit 201 determines that the pixel corresponds to
the “halftone” and assigns data (“x01x”) of 4 bits indicating
the “halftone” to the pixel. In addition, when the pixel is the
white background, the non-character, and the non-halftone,
the separating unit 201 determines that the pixel corresponds
to the “highlight” and assigns data (“100x”) of 4 bits indicat-
ing the “highlight” to the pixel. Furthermore, when the pixel
is the non-white background, the non-character, and the non-
halftone, the separating unit 201 determines that the pixel
corresponds to the “solid” and assigns data (“000x”) of 4 bits
indicating the “solid” to the pixel.

As described above, the separating unit 201 assigns the X
separation information to each pixel of the input image. With
this, as illustrated in FIG. 4, the separating unit 201 can
extract a region formed by pixels to which the X separation
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information indicating the “low-contrast character” has been
assigned on an input image 231 as a “low-contrast character
region 233”. In the same manner, the separating unit 201 can
extract a region formed by pixels to which the X separation
information indicating the “character” has been assigned on
the input image 231 as a “character region 232”. The sepa-
rating unit 201 can extract a region formed by pixels to which
the X separation information indicating the “halftone” has
been assigned on the input image 231 as a “halftone region
234”. The separating unit 201 can extract a region formed by
pixels to which the X separation information indicating the
“highlight” has been assigned on the input image 231 as a
“highlight region 235”. Moreover, the separating unit 201 can
extract a region formed by pixels to which the X separation
information indicating the “solid” has been assigned on the
input image 231 as a “solid region 236”.

Then, the separating unit 201 transmits the X separation
information of each pixel on the input image to each of the
gradation correction unit 202 and the gradation processing
unit 204.

Description is continued with reference to FIG. 2, again.
The gradation correction unit 202 includes a second deter-
mining unit 207 and a correction unit 208. The second deter-
mining unit 207 determines a region (referred to as “second
target region”) on which gradation correction (in this
example, y correction) for correcting input/output character-
istics of an image is performed on the input image by using
the input image, the bibliographic information, S luminance
information from the luminance detecting unit 105, and the X
separation information from the separating unit 201 as inputs.
As illustrated in FIG. 5, in the embodiment, the second deter-
mining unit 207 determines the region (low-contrast charac-
ter region 233) formed by the pixels to which the X separation
information indicating the “low-contrast character” has been
assigned on the input image as the second target region.

The correction unit 208 performs the y correction on the
second target region determined by the second determining
unit 207. It is to be noted that the correction unit 208 does not
perform the y correction on regions other than the low-con-
trast character region 233 on the input image to skip them.
FIG. 6 is a graph illustrating an example of a y correction
curve to beused for they correction by the correction unit 208.
The projector 100 has a characteristic that a bright portion of
the image is difficult to be reproduced. Therefore, y correction
for making the bright portion on the input image data be
slightly darker is applied to the low-contrast character region
233. To be more specific, as illustrated in FIG. 6, the y cor-
rection curve is set such that a change ratio of a gradation
value of output when a gradation value of input is equal to or
higher than a threshold d is lower than a change ratio of a
gradation value of output when the gradation value of input is
lower than the threshold d.

Description is continued with reference to FIG. 2, again.
The magnification changing unit 203 performs magnification
change of a resolution of the input image to a resolution
received on the operating unit 107 of the projector 100 (reso-
Iution specified by a user). The magnification changing unit
203 performs a convolution operation or the like in the main
scanning direction and the sub scanning direction on a reso-
Iution of the image scanned by the MFP 101 so as to execute
magnification changing processing of contraction or enlarge-
ment in order to make the resolution match with a resolution
of'the projector 100 with reference to the bibliographic infor-
mation.

The gradation processing unit 204 includes a first deter-
mining unit 205 and a halftone processing unit 206. The first
determining unit 205 determines a region (referred to as “first
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6

target region”) on which halftone processing of converting
the number of gradations is performed on the input image by
using the input image, the S luminance information from the
luminance detecting unit 105, and the X separation informa-
tion from the separating unit 201 as inputs. As illustrated in
FIG. 7, in the embodiment, the first determining unit 205
determines a region (low-contrast character region 233)
formed by the pixels to which the X separation information
indicating the “low-contrast character” has been assigned and
the region (highlight region 235) formed by the pixels to
which the X separation information indicating the “highlight”
has been assigned on the input image as the first target
regions.

The halftone processing unit 206 executes the halftone
processing that varies depending on the S luminance infor-
mation on the first target regions. Description thereofis made
more in detail below. At first, contents of the halftone pro-
cessing to be executed on the low-contrast character region
233 are described. The halftone processing unit 206 applies
simple nine-value processing as illustrated in FIG. 8 to the
low-contrast character region 233 when the luminance indi-
cated by the S luminance information is lower than a refer-
ence value (in the case of being “dark™).

On the other hand, the halftone processing unit 206 applies
simple four-value processing as illustrated in FIG. 9 to the
low-contrast character region 233 when the luminance indi-
cated by the S luminance information is equal to or higher
than the reference value (in the case of being “bright”). When
the luminance indicated by the S luminance information is
equal to or higher than the reference value (in the case of
being “bright”), image visibility of the image is bad even
when the simple nine-value processing is executed. There-
fore, in this case, the processing is switched to the simple
four-value processing so as not to use the bright portion to the
extent possible. With this, the low-contrast character at the
bright side is not lacked and the density becomes even, so that
visibility when the image is displayed on the projector 100 is
improved.

In the embodiment, the halftone processing unit 206
applies the simple four-value processing to the low-contrast
character region 233 when the luminance indicated by the S
luminance information is equal to or higher than the reference
value. On the other hand, the halftone processing unit 206
applies the simple nine-value processing to the low-contrast
character region 233 when the luminance indicated by the S
luminance information is lower than the reference value.
However, the processing is not limited thereto. In summary, it
is sufficient that the halftone processing unit 206 executes
first halftone processing on the low-contrast character region
233 when the luminance is equal to or higher than the refer-
ence value while the halftone processing unit 206 executes
second halftone processing on the low-contrast character
region 233 when the luminance is lower than the reference
value. In this case, the number of gradations (in the embodi-
ment, “4”) after being converted through the first halftone
processing is smaller than the number of gradations (in the
embodiment, “9”) after being converted through the second
halftone processing.

Next, contents of the halftone processing to be executed on
the highlight region 235 are described. Note that the projector
100 has the characteristic that a bright portion of an image is
difficult to be reproduced. There arises a risk that white spots
are generated when a gradation value of each pixel included
in the highlight region 235 is output as it is. In order to avoid
the risk, in the embodiment, dither processing with which
multiple-valued image data is binarized is applied to the
highlight region 235. With this, the density is expressed by an
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area of all black portions (a gradation is expressed by crude
density of dots of “black™). Therefore, the reproducibility of
highlight is improved. It is to be noted that when the lumi-
nance of the image projection screen 108 is equal to or higher
than the reference value (in the case of being “bright”), the
image is not influenced by environmental light therearound
easily. Therefore, even when the dots of the dither processing
are small, the visibility of the dots does not become bad.
Therefore, the halftone processing unit 206 in the embodi-
ment applies dither processing (high screen ruling binary
dither processing) with which the high screen ruling is set is
applied to the highlight region 235 when the luminance indi-
cated by the S luminance information is equal to or higher
than the reference value while taking the resolution and the
like of the image into consideration. FIG. 10 is a schematic
view illustrating a case when the high screen ruling binary
dither processing is applied to the highlight region 235.

On the other hand, when the luminance indicated by the S
luminance information is lower than the reference value (in
the case of being “dark™), the luminance of the image projec-
tion screen 108 is dark. This indicates that a distance between
the projector 100 and the image projection screen 108 is large.
In this case, the image is influenced by environmental light
therearound easily. Therefore, the projector 100 is difficult to
reproduce the bright portion of the image. In this case, when
the dots of the dither processing are small, the visibility of the
dots becomes bad and the highlight cannot be reproduced
sufficiently. Accordingly, while giving priority to reproduc-
tion of the highlight, the halftone processing unit 206 in the
embodiment applies dither processing (low screen ruling
binary dither processing) with which the low screen ruling is
set is applied to the highlight region 235 when the luminance
indicated by the S luminance information is lower than the
reference value. F1G. 11 is a schematic view illustrating a case
when the low screen ruling binary dither processing is applied
to the highlight region 235.

In the embodiment, the halftone processing unit 206
applies the high screen ruling binary dither processing to the
highlight region 235 when the luminance indicated by the S
luminance information is equal to or higher than the reference
value. On the other hand, the halftone processing unit 206
applies the low screen ruling binary dither processing to the
highlight region 235 when the luminance indicated by the S
luminance information is lower than the reference value.
However, the processing is not limited thereto. The number of
gradations and the screen ruling to be converted by the dither
processing can be set arbitrarily. In summary, it is sufficient
that the halftone processing unit 206 executes first dither
processing on the highlight region 235 when the luminance is
equal to or higher than the reference value while the halftone
processing unit 206 executes second dither processing, with
which lower screen ruling than that with the first dither pro-
cessing is set, on the highlight region 235 when the luminance
is lower than the reference value.

As described above, in the embodiment, the halftone pro-
cessing that varies depending on the luminance indicated by
the S luminance information is executed on the first target
region, so that the reproducibility of colors of an image to be
projected onto the image projection screen 108 can be
enhanced, thereby obtaining advantageous effects.

B: Second Embodiment

The embodiment is different from the above-mentioned
first embodiment in a point that the correction unit 208
executes Y correction that varies depending on the luminance
indicated by the S luminance information on the low-contrast
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character region 233. Descriptions of parts that are common
to those in the first embodiment are omitted appropriately.

As illustrated in FIG. 12, the correction unit 208 executes
first ¥ correction on the low-contrast character region 233
when the luminance indicated by the S luminance informa-
tion is equal to or higher than the reference value (in the case
of'being “bright™). On the other hand, the correction unit 208
executes second v correction on the low-contrast character
region 233 when the luminance indicated by the S luminance
information is lower than the reference value (in the case of
being “dark™). In the first y correction, the y correction curve
as illustrated in FIG. 6 is used. On the other hand, in the
second y correction, a y correction curve as illustrated in FIG.
13 is used. As described above, when the luminance indicated
by the S luminance information is lower than the reference
value (in the case of being “dark™), an image is influenced by
environmental light therearound easily and the projector 100
is difficult to reproduce a bright portion of the image further.
Therefore, the second y correction, with which the bright
portion of the input image data is darker than with the first y
correction, is applied to the low-contrast character region
233. To be more specific, as illustrated in FIG. 13, the y
correction curve to be used for the second v correction is set
such that a change ratio of a gradation value of output when a
gradation value of input is equal to or higher than a threshold
d is lower than a change ratio of a gradation value of output
when the gradation value of input is lower than the threshold
d. Furthermore, the change ratio of the gradation value of
output when the gradation value of input is equal to or higher
than the threshold d is set to be lower than that of the vy
correction curve (see, FIG. 6) to be used for the first y correc-
tion.

In the above-mentioned embodiments, the control unit 106
causes the gradation correction unit 202 and the gradation
processing unit 204 to operate in accordance with the above-
mentioned bibliographic information. To be more specific,
the control unit 106 does not cause the gradation correction
unit 202 and the gradation processing unit 204 to operate
when the bibliographic information indicates a photograph
mode in which an image as an output target is handled as a
photographic image. That is to say, the projector 100 does not
perform any operation. On the other hand, the control unit 106
controls each of the gradation correction unit 202 and the
gradation processing unit 204 so as to perform operations as
described in the above-mentioned first embodiment or second
embodiment when the bibliographic information indicates a
character mode in which the image as the output target is
handled as a character image. The MFP 101 and the projector
100 cooperate with each other such that processing on the
projector 100 is made different depending on an image qual-
ity mode of the MFP 101. Therefore, a scan image can be
reflected as it is and settings of the projector 100 can be
omitted.

Hereinbefore, embodiments of the present invention have
been described. However, the present invention is not limited
to the above-mentioned embodiments and various modifica-
tions can be made in a range without departing from the scope
of the present invention.

Control programs to be executed in the control unit 106
according to the above-mentioned embodiments may be con-
figured to be provided by being recorded in a recording
medium that can be read by a computer, such as a compact
disc read only memory (CD-ROM), a flexible disk (FD),aCD
recordable (CD-R), or a digital versatile disk (DVD), in a
format that can be installed or a file that can be executed.

Furthermore, the control programs to be executed in the
control unit 106 according to the above-mentioned embodi-
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ments may be configured to be provided by being stored on a
computer connected to network such as the Internet and being
downloaded through the network. Alternatively, the control
programs to be executed in the control unit 106 according to
the above-mentioned embodiments may be provided or dis-
tributed through network such as the Internet.

The present invention can provide an advantageous effect
of providing a projection display device, a projection display
method, and a computer program that can sufficiently
enhance the reproducibility of colors.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. A projection display device configured to project and
display an input image input from an external device onto a
screen, the projection display device comprising:

a processor including

an assigning unit configured to assign identification
information to each pixel of the input image, the iden-
tification information indicating a gradation value for
each pixel to identify a type of image for each pixel;

a luminance detecting unit configured to detect a lumi-
nance of the screen;

a first determining unit configured to determine a first
target region of the input image using the identifica-
tion information; and

ahalftone processing unit configured to execute halftone
processing on the first target region to convert a num-
ber of gradations of the input image based on the
luminance.

2. The projection display device according to claim 1,
wherein

the first determining unit determines a region constituted

by pixels whose gradation values are equal to or higher

than a threshold as the first target region and to identity
the type of image of the first target region as a high-
lighted region of the input image, and

the halftone processing unit is configured to execute first

dither processing on the first target region if the lumi-
nance is equal to or higher than a reference value and
execute second dither processing, with which lower
screen ruling than the screen ruling with the first dither
processing is set, on the first target region if the lumi-
nance is lower than the reference value.

3. The projection display device according to claim 1,
wherein

the first determining unit determines a region constituted

by pixels whose gradation values are equal to or higher

than a threshold as the first target region and to identity
the type of image of the first target region as a low
contrast character region of the input image,

the halftone processing unit is configured to execute first

halftone processing on the first target region if the lumi-
nance is equal to or higher than a reference value and
execute second halftone processing on the first target
region if the luminance is lower than the reference value,
and

the number of gradations after being converted through the

first halftone processing is smaller than the number of

gradations after being converted through the second
halftone processing.
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4. The projection display device according to claim 1,
wherein the processor includes:

a correction unit configured to perform gradation correc-
tion to correct input/output characteristics of an image;
and

a second determining unit configured to determine a sec-
ond target region of the input image on which the gra-
dation correction is performed using the identification
information, wherein

the correction unit is configured to execute the gradation
correction on the second target region based on the lumi-
nance.

5. The projection display device according to claim 4,

wherein

the second determining unit is configured to determine a
region constituted by pixels whose gradation values are
equal to or higher than a threshold as the second target
region and to identify the type of image of the second
target region as a low contrast character region of the
input image, and

the correction unit is configured to execute first gradation
correction on the second target region if the luminance is
equal to or higher than a reference value and execute
second gradation correction, with which a bright portion
of the input image becomes darker than with the first
gradation correction, on the second target region if the
luminance is lower than the reference value.

6. The projection display device according to claim 4,
wherein the processor includes a control unit configured to
control operations of the halftone processing unit and the
correction unit in accordance with bibliographic information
indicating operation conditions of the external device that
outputs image data of a scanned document as the input image.

7. The projection display device according to claim 6,
wherein the control unit is configured to not operate the
halftone processing unit and the correction unit if the biblio-
graphic information indicates a photograph mode in which an
image as an output target is handled as a photographic image,
and the control unit is configured to operate the halftone
processing unit and the correction unit if the bibliographic
information indicates a character mode in which the image as
the output target is handled as a character image.

8. The projection display device according to claim 1,
wherein an area of the first target region on the display is less
than an area of the input image on the display.

9. A projection display method of projecting and display-
ing an input image input from an external device onto a
screen, the projection display method comprising:

assigning, by a processor, identification information to
each pixel of the input image, the identification infor-
mation indicating a gradation value for each pixel to
identify a type of image for each pixel;

detecting a luminance of the screen;

determining, by the processor, a target region of the input
image using the identification information; and

executing, by the processor, the halftone processing on the
target region to convert a number of gradations of the
input image based on the luminance.

10. A computer program product comprising a non-transi-
tory computer-usable medium having a computer program
that causes a computer to execute:

assigning identification information to each pixel of the
input image, the identification information indicating a
gradation value for each pixel to identify a type of image
for each pixel;

detecting a luminance of a screen onto which the input
image is projected and displayed;
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determining a target region of the input image using the
identification information; and

executing the halftone processing on the target region to
convert a number of gradations of the input image based
on the luminance. 5
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